The Clean Development Mechanism (CDM) is expected to stimulate the North-South transfer of climate-friendly technologies. This paper provides an assessment of the technology transfers that take place through the CDM using a unique data set of 644 registered projects. It provides a detailed description of the transfers (frequency, type, by sector, by host country, etc.). It also includes an econometric analysis of their drivers. We show that transfer likeliness increases with the size of the projects. The transfer probability is 50% higher in projects implemented in a subsidiary of Annex 1 companies while the presence of an official credit buyer has a lower -albeit positiveimpact. The analysis also yields interesting results on how technological capabilities of the host country influence technology diffusion in the CDM.
Introduction
The Clean Development Mechanism (CDM) is one of the most innovative tools of the Kyoto Protocol.
It allows industrialized countries which have accepted emissions reduction targets to develop or finance projects that reduce greenhouse gas (GHG) emissions in non-Annex 1 countries 1 in exchange for emission reduction credits. Since reducing GHG emissions in a less-developed country may be cheaper than doing so domestically, it helps Annex 1 countries to achieve their emission reduction target at a lower cost and it contributes to the sustainable development of the host countries (see Ellis et al., 2007 , for an up-to-date discussion on the CDM).
While its primary goal is to save abatement costs, the CDM is also considered by many as a key means to boost technology transfer and diffusion. If the technology used in the project is not available in the host country but must be imported, the project leads, de facto, to a technology transfer. This technology may consist of "hardware" elements, such as machinery and equipment involved in the production process, and/or "software" elements, including knowledge, skills, and know-how (OECD, 2005 The transfer of environmentally sound technologies in the context of climate change mitigation is the subject of an extensive literature (see for example Worrell et al., 2001; Yang and Nordhaus, 2006) . In contrast, only two papers deal with technology transfer through CDM projects using a quantitative approach. Based on a limited sample of 63 registered projects, De Coninck et al. (2007) show that imported technologies originate mostly from the European Union and that the investments from industrialized countries associated with the CDM are small when compared to total foreign direct investments. Haites et al. (2006) work on a larger database involving 860 projects. They find that technology transfers occur in one third of the projects, accounting for two thirds of the annual emission reductions. Larger projects and those with foreign participants tend to induce technology transfer.
We depart from these papers in two respects. First, our data set provides a richer description of the countries hosting the CDM projects and of the countries supplying the technologies. It also describes in greater detail the participants involved in the projects. Second -and this is related to the previous point -a richer set of independent variables allows to run regressions that explain the technology transfer 2 . This gives insights into the design variables of the CDM that promote technological transfer, thereby leading to potentially useful policy lessons. More generally, it helps deepen our understanding of the transfer of GHG mitigation technologies, which could be useful in the current debate surrounding post-Kyoto talks.
The article is organized as follows. In section 2, we describe the data set. Section 3 includes the descriptive results regarding technology transfers. The econometric analysis is carried out in Sections 4 and 5. We investigate what drives not only the transfer but also the type of transfer (equipment or knowledge). Section 6 concludes.
Data issues

Sources
In this section, we describe how we construct the data set. CDM projects that result in real, Archibugi and Coco (2004) .
Information on technology transfers
Given our questions, it is worth describing carefully how we encode information on technological transfers. To begin with, we define technology transfer as the import of a technology from abroad.
We consider two forms of technology transfer. The first, which we call a knowledge transfer, takes place if the local project developer benefits from the transfer of knowledge, know-how, information or technical assistance from a foreign partner. The second form is an equipment transfer. It consists in importing equipment, such as wind turbines or gas burners, from a supplier located in a foreign country. Of course, a project can involve both a transfer of equipment and a transfer of knowledge.
We get this information from the PDDs. In these documents, the technology to be employed in the project activity is described in section A. 8 A type I error consists of wrongly describing a project as not involving any technology transfer. Conversely, a type II error occurs when a project is wrongly described as involving a technology transfer (when it does not). 9 Haites et al. (2006) find that 33% of the projects involve transfer, compared to 43% in our data set. One possible reason is that the datasets are slightly different. Another is the procedure used in both papers for encoding
Descriptive statistics regarding technology transfers
In this section we provide a detailed description of technology transfers occurring in CDM projects. Table 1 shows that 279 projects out of 644 involve technology transfer. They represent 43% of projects and 84% of the expected annual CO 2 emissions reductions. Projects with transfer are thus larger-scale on average than those without. This discrepancy is partly explained by the fact that all 13
Frequency and nature of technology transfers
HFC-destruction projects, representing more than 59 million tons of annual CO 2 eq reductions, involve technology transfer.
In Table 1 , we see that transfers limited to the import of equipment are much less frequent than the transfer of knowledge alone (9% of the projects as opposed to 15%).
The transfer of both equipment and knowledge is observed in 19% of the projects. This illustrates the key role of technical skills in the diffusion of carbon mitigation technologies. 
Transfer by type of technology
Using the 21 technology categories established by the UNEP Risoe Center CDM pipeline, Table 2 shows that the number of projects and the likelihood of transfer vary greatly across types of technology. Table 4 distinguishes different mitigation mechanisms. Transfers largely concern end-of-pipe technologies that remove gaseous pollutants from effluent streams at the end of the production process. The "new units" category describes the setting up of new production units with reduced GHG emissions. It gathers biomass-fired and hydro power plants that essentially use local technology as well as wind farms that often benefit from technology transfer. In contrast, projects that modify existing production processes involve far less transfers. Input switch refers to projects involving a change of production inputs (e.g., biomass instead of coal in a power plant). 
Transfer by mitigation mechanism
Technology transfer by host country
While CDM projects are located in 44 non-Annex 1 countries, 73% of them are located in Brazil, China, India and Mexico, with 35 % in India alone. 24 countries host 3 projects or less and among these, 12 countries host only one. Table 5 shows technology transfers in the main host countries. They appear very heterogeneous in their capability to attract technology transfers. 
Technology suppliers
In 71% of the 154 projects that explicitly mention the origin of imported equipment, it comes from European suppliers. Within Europe, the main exporting countries are Germany, Spain and Denmark, which accounted for 45% of the exported machinery. Non-European suppliers are mostly located in the USA (19%) and Japan (10%).
This means that the money spent by Annex 1 countries to finance CDM projects -through the purchase of carbon credits -is only marginally used to buy machinery from countries that have not ratified the Kyoto Protocol. Does it mean that each country subsidizes its own technologies through the Clean Development Mechanism? This argument has been widely used by CDM opponents. But a closer look at our data invalidates this assertion: an Annex 1 country hosts both the credit buyer and the equipment supplier in only 2% of the projects. Note: a project may have more than one credit buyer involved.
The determinants of technology transfers: an econometric analysis
In the previous section, we have presented statistics describing technology transfers through the CDM. They give a detailed view on these issues but do not help us to understand what drives the transfer. For instance, we know from Understanding the rationale underlying the technology transfer through CDM projects is necessary to derive policy implications and, more generally, to give a clearer view of the diffusion of GHG mitigation technologies. In this section, we rely for this on econometric analysis.
The econometric model
Let TECH_TRANSFER denote a binary variable equal to 1 if a project involves a technology transfer (regardless of the nature of this transfer), and to 0 otherwise. To examine the relationship between TECH_TRANSFER and a set of explanatory variables, the following logit equation is estimated:
Pr( 
! i is a vector of coefficients to be estimated and % is a random term identically independently distributed following a Gumbel extreme distribution.
We now discuss in depth the different explanatory variables. LOGSIZE 10 is the log of the project size, as measured by its annual emissions reduction. The underlying hypothesis is that CDM projects entail transaction costs that are fixed and that are likely to be higher when some technology transfer is involved (Maskus, 2004) . Such transaction costs are an impediment to small projects. It may be assumed that the larger a project, the higher its probability to involve technology transfer.
CREDIT_BUYER is a dummy variable indicating the participation of one or more credit buyers in the project. Before the project developer can sell the credits, the UNFCCC must first certify, issue and register the emission reduction and this administrative process takes time. Selling credits through a forward contract can be of great help. It reduces the risk surrounding the investments by adding a guaranteed revenue stream. Most credit buyers are not pure financial actors as shown in Table 7 .
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One can assume that they also give advice and bring expertise that may ease technology transfer.
SUBSIDIARY is a dummy variable indicating whether the project is implemented in the subsidiary of a company located in an Annex 1 country. In this case, the local project developer can probably benefit from the expertise or from the technology of the parent company (Jahn et al., 2004) .
The number of other CDM projects using the same technology within the host country is described by the variable SIMILAR_PROJECTS. We see this variable as a proxy for the local availability of the 10 Using the logarithm of the size ensures that the few very large HFC projects do not have a disproportionate influence on the results.
technology in the country. Accordingly, the higher the number of similar projects, the lower the probability of transfer.
We also include country variables. In this regard, there is empirical evidence in the general economic literature that international trade and Foreign Direct Investments (FDI) promote the transfer of technology across countries (Coe et al., 1997) . Accordingly, we use the variable TRADE, which is the sum of exports and imports of merchandise divided by GDP. FDI_INFLOWS is the level of incoming FDI divided, again, by the host country's GDP.
As richer and larger countries are likely to have more technologies already available locally, we include the country size (LOG_POPULATION) and the per capita GDP (GDP_PERCAPITA) as control variables. In order to take into account the possible influence of economic dynamism, we also use GDP_GROWTH, the average annual rate of GDP growth 2000 to 2004.
Furthermore, empirical evidence indicates that the adoption of a new technology is strongly associated with human capital, supporting infrastructure and research and development activities (Blackman, 1997) . In order to measure this technological capability (TECH_CAPABILITY), we use the ArCo technology index developed by Archibugi and Coco (2004 Finally, SECTOR i and COUNTRY i are vectors of sector dummies and country dummies, respectively.
They control for sector-and country-specific characteristics that are not captured by the other variables.
Table 8 yields precise definitions, summary statistics and the expected signs of the coefficients. 
Results
Empirical results are displayed in Table 9 . The overall quality of the estimations is reasonably good.
The McFadden pseudo R-squared is around 0.35-0.4 depending on the model. The model correctly predicts 80 % of the observations and the results are robust across the two specifications (models A and B).
We now interpret the influence of the different variables. To begin with, technology transfer positively depends on the size of the project (LOGSIZE). This is in line with the expectation that larger projects are better able to exploit economies of scale in technology transfer.
Having a credit buyer also increases the likelihood that the project involves technology transfer. But calculations show that the marginal effect of CREDIT_BUYER is low: a project with a credit buyer has only a 16% higher probability of involving a technology transfer.
Being the subsidiary of a company from an Annex 1 country clearly favors the transfer of technology.
The coefficient is highly significant in all specifications and much larger than that of CREDIT_BUYER.
In marginal terms, the transfer likeliness of a project located in the subsidiary of an Annex 1 company is 50% higher. This confirms the conjecture that pre-existing capital links strongly promote the import of a new technology.
As expected, the probability of technology transfer decreases with the number of projects using the same type of technology in the country (SIMILAR_PROJECTS).
Turning next to country variables we confirm that, all other things being equal, the openness of the economy positively influences transfer probability. In contrast, the share of FDI inflows in GDP does not have any significant impact. This is not all that surprising, since capital links are already captured by the variable SUBSIDIARY.
Results regarding technological capabilities are very interesting. First, Model A tells us that technological capability has a positive overall effect on technology transfer. However, introducing the possibility of differentiated effects across sectors (Model B) modifies this finding. In fact, TECH_CAPABILITY has a positive influence only in the energy sector and in the chemicals industry.
The effect is strongly negative in agriculture and not significant in most industry sectors and in waste management.
Recall the two antagonistic effects of technological capabilities. One the one hand, they promote transfer as local implementers have skills to use the technology. On the other hand, high technological capabilities increase the local availability of technologies. Our results suggest that the latter effect dominates the former in agriculture, while the opposite is true in the energy sector and the chemicals industry. The interpretation is that technologies transferred in the agriculture sector are not very elaborate, implying that they might be introduced without high technical skills. In contrast with this, wind turbines, solar panels in the energy sector or abatement devices in the chemicals industry would require technically qualified manpower to be built and operated. In the other sectors in which coefficients are not significant, the two effects might compensate each other.
In order to compare the size of the effects of different explanatory variables, we draw Figure CREDIT_BUYER and SUBSIDIARY have similar effects but for different reasons. SUBSIDIARY increases the transfer probability by 50%, but only 8% of the projects are implemented in subsidiaries of Annex 1 companies. CREDIT_BUYER has a weaker marginal effect (+16%), but credit buyers participate in 61% of the projects.
At the country level, GDP growth exerts a stronger influence than economic openness. The technological capability has a strong effect -either negative in agriculture or positive in the energy sector. We also find that the overall impact of project-level variables is smaller than that of countrylevel variables. This is a very significant finding because it suggests that the incentives to transfer technology given specifically by the CDM are low compared to usual economic and infrastructurerelated incentives. unobserved factors may influence both the probability of transfer -and thus the probability for a project to belong to the sub-sample -and the type of transfer.
A solution to this problem has been suggested by Heckman (1976) . This is a two-step estimation procedure. In a first phase, the probability that a project leads to technology transfer is estimated. This is the sample selection equation: it allows us to set up a selection hazard index which is included as a regressor to estimate the type of transfer in the second phase (for more details on the Heckman model, see for instance Greene, 2003) .
We have implemented the Heckman procedure: Table 10 reports the results of the second stage. In comparison with the previous models, we have excluded some dependent variables, either because there was no reason to assume they would influence the type of transfer (for example, GDP_GROWTH) or because they were not significant.
Results show interesting patterns. First of all, the probability that the transfer concerns equipment decreases with the number of projects using the same type of technology in the country (SIMILAR_PROJECTS). A developer who needs a technology has two options: either to buy it locally or to import it. In the economic literature, the first is termed horizontal diffusion and the second vertical diffusion. Our results suggest that horizontal diffusion dominates when the technology is equipment.
As regards technological capabilities, Models C and D show that the pro-transfer effect dominates for equipment in the energy and waste management sectors. Agriculture is still specific, confirming that the equipment used in agricultural projects do not require significant technological skills. Standard error in parentheses; * denotes significance at 10% level, ** denotes significance at 5% level, and *** denotes significance at 1% level.
Conclusion
This paper focuses on transfers of GHG mitigation technologies induced by the Clean Development Mechanism. We have examined technology transfers in the 644 CDM projects registered up to May
2007.
From a descriptive point of view, the data shows that technology transfers take place in more than 40% of CDM projects. Very few projects involve the transfer of equipment alone. Instead, projects often include the transfer of knowledge and operating skills, allowing project implementers to appropriate the technology.
Technology transfers mainly concern two areas. The first is end-of-pipe destruction of non-CO 2 greenhouse gas with high global warming potentials, such as HFCs, CH 4 and N 2 O. This concerns the chemicals industry, the agricultural sector and the waste management sector. The second is wind power. Other projects, such as electricity production from biomass or energy efficiency measures in the industry sector, mainly rely on local technologies. Moreover, Mexican and Chinese projects more frequently attract technology transfers while European countries are the main technology suppliers.
We have also developed econometric models in order to characterize the factors underlying these patterns. They show that there are economies of scale in technology transfer: all other things being equal, transfers in large projects -in terms of emissions reductions -are more likely. Furthermore, the probability of transfer is 50% higher when the project is developed in a subsidiary of an Annex 1 company. Having an official credit buyer in the project also exerts a positive influence on transfer likeliness, albeit much smaller (+16%).
As regards the host countries' features, the most interesting econometric findings involve technological capabilities. In theory, this factor has ambiguous effects. On the one hand, high capabilities may be necessary to adopt a new technology. On the other hand, high capabilities imply that many technologies are already available locally, thereby reducing transfer likelihood. Our estimations show that the first effect strongly dominates in the energy sector and in the chemicals industry. By contrast, the second effect is stronger for agricultural projects. This suggests that the agricultural technologies transferred in these projects tend to be simple.
What are the policy implications? First, these results suggest policy lessons for CDM design.
Encouraging large projects -or project bundling -allows exploitation of increasing returns in technology transfer. Promoting projects in subsidiaries of Annex 1 companies could also be of great use to foster technology transfer. In practice, one could imagine different ways of providing incentives for companies to do so (e.g. additional credits, simplified administrative procedures). To a lesser extent, credit buyers, which are generally not pure financial actors, can also play a positive role.
Our analysis may also give lessons regarding general measures. In particular, the study suggests that programs of technological capacity building would be particularly profitable in the energy sector and in the chemicals industry.
Last, let us pinpoint some limitations of this exercise. First, the data describes projects registered during a very short period (about 2 years). This prevents using this information to characterize the dynamic aspects of diffusion. Second, the data does not permit investigation of the diffusion of technology within host countries, which may be as significant as international transfers. Other methodological weaknesses are the lack of sector-specific variables in comparison with project design variables and country-specific variables, and the fact that information on technology transfer may be biased as it is self-reported by the project developers in the PDD.
